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Concentrations and seasonal dynamics of dissolved organic carbon in forest 
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Abstract: The concentrations and seasonal dynamics of DOC in forest floors of monoculture plantations of Castanopsis kawakamii and 
Chinese fir (Cunninghamia lanceolata) were assessed in Sanming, Fujian, China (26°H’30"N, 117 D 26'00"E). Forest floor samples were 
taken in January. April, July and October in 2002 and divided into undecomposed material (horizon Oi), partially decomposed organic mate¬ 
rial (horizon Oe), and fully decomposed organic material (horizon Oa). Upon collection, DOC concentrations of samples were analyzed by a 
High Temperature TOC. The results showed that the annual average DOC concentration of Chinese fir (1341.7 mg-kg' 1 ) in the forest floor 
was higher than that of Castanopsis kawakamii (1178.9 mg-kg' 1 ). Difference in DOC concentrations was observed among three horizons of 
the forest floor. DOC concentration of forest floor in the two forests was the highest in horizon Oe. Seasonal trends of DOC concentrations 
in different horizons of forest floors were similar and the maximal value occurred in autumn (or winter). The concentration and temporal 
change of DOC in studied forests were probably related to the variation in moisture, temperature, biological activity and quantity of organic 
matter in the forest floor. 
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Introduction 

The significance of dissolved organic carbon (DOC) in forest 
ecosystems has been highlighted because of its ecological func¬ 
tion in nutrient and element cycling (Michalzik et al. 1999; Kal- 
bitz et al. 2000; Neff et al. 2001). In forest ecosystems, the forest 
floor has been identified as a primary source for DOC (Qualls et 
al. 1991; Currie et al. 1996; Yang et al. 2004b). DOC released 
from the forest floor has great implications for the belowground 
C cycle, because the leaching loss of DOC can account for a 
substantial portion of the annual litterfall Carbon (Qualls et al. 
1991; Hongve et al. 2000) and total forest floor C loss (Vance et 
al. 1991). This leachate C loss from the forest floor has often 
been overlooked in determining soil C budgets, while the forest 
floor is receiving much attention due to its role as a temporary 
sink for increased litter C inputs following C0 2 enrichment 
(Schlesinger et al. 2001) or reforestation (Richter et al. 1999). 
Many attempts have been made to estimate the concentrations 
and fluxes of DOC in forest floors of many forests ecosystems, 
largely in temperate and tropical forests (Michalzik et al. 1999; 
Michalzik et al. 2001; Park et al. 2003), a relative few studies 
have been done on forests of southern China, an area of the most 
important world subtropical forests. 

In southern China, large-scale of natural forests have been 
converted to monoculture plantations (mainly economical coni- 
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fers) following forest land clear-cutting, slash burning, and soil 
preparation. Currently, difference in vegetation composition, soil 
fertility, litterfall amount and its nutrient return, fine root produc¬ 
tion and turnover between plantations of Castanopsis kawakamii 
and Chinese fir (Cunninghamia lanceolata) have been examined 
(Lin et al. 1986; Yang et al. 1993, 2003, 2004a). The objective of 
this study was to determine DOC concentration and its seasonal 
dynamics in forest floor layer leachates of two plantation forests 
(C. kawakamii and Chinese fir). 

Site description 

This study was carried out in the Xiaohu work-area of the 
Xinkou Experimental Forestry Centre at Fujian Agricultural and 
Forestry University, Sanming, Fujian Province, China 
(26 o H'30”N, 117°26'00"E). It borders the Daiyun Mountain on 
the southeast, and the Wuyi Mountain on the northwest. The 
region has a middle sub-tropical monsoonal climate, with a mean 
annual temperature of 25 °C and a relative humidity of 81%. The 
mean annual precipitation is 1749 mm, mainly occurring from 
March to August, and the mean annual actual evapotranspiration 
is 1585 mm (Fig. 1), (Yang et al. 2003, 2004a). The growing 
season is relatively long with an annual frost-free period of 
around 330 days. The parent material of the soil is acidic sandy 
shale and soils are classified as red soils (Humic Planosols in the 
FAO system). Thickness of the soil usually exceeds 1.0 m. 

Two adjacent plantations consisting of C. kawakamii and 
Chinese fir were investigated. Both of C. kawakamii and Chinese 
fir were derived from a natural forest (C. kawakamii). A part of 
natural forest was clear-cut and planted with C. kawakamii and 
Chinese fir 33 years ago. Selected forest characteristics and some 
properties of the surface soil (0-20 cm) of the two forests are 
described in Table 1 (Yang et al. 2003, 2004a). 



206 


ZHANG Jiang-shan et al. 



i I Rainfall in — O— Temperature in 2002 


Fig. 1 Monthly changes of rainfall and air temperature in the stud¬ 
ied sites in 2002 


Table 1. Forest characteristics and soil properties in the Castanop- 
sis kawakamii and Chinese fir 


Parameters 

Forest type 

C. kawakamii 

Chinese fir 

Stand characteristics 



Mean tree height (mean±SE n=15, m) 

18.9+1.5 

21.9+1.8 

Mean tree diameter at breast height 
(mean±SE n=15, cm) 

23.4±2.2 

23.3+2.1 

Stand density (stem-hm' - ) 

875 

1117 

Stand volume (m 3 -hm' 2 ) 

412.431 

425.912 

Biomass of shrub layer (t-hm' 2 ) 

0.780 

1.993 

Biomass of herb layer (t-hm' 2 ) 

0.292 

2.478 

Thickness of forest floor (cm) 

4±2 

2+1 

Soil (top 0-20cm) properties 

Bulk density (g-cm' 3 ) 

1.10 

1.20 

Water content (%) 

24.86 

24.54 

Organic matter (g-kg ') 

29.8 

29.5 

Total N (g-kg 1 ) 

1.12 

1.12 

Total P (g-kg 1 ) 

0.31 

0.29 

Hydrolyzable N (mg-kg ') 

115.2 

110.3 

Available P (mg-kg 1 ) 

5.92 

4.69 

Available K (mg-kg ) 

96.7 

61.8 


Materials and methods 

Sample collection and analysis 

Three plots of 20 mx20 m were randomly established at the 
midslope position in each forest. In each plot, forest floor sam¬ 
ples were taken in January, April, July and October in 2002 using 
thirty subplots of 50 cmx50 cm. These subplots were systemati¬ 
cally located at three horizontal lines on the top, middle and low 
slope positions, respectively. The forest floor layer was divided 
into undecomposed material (horizon Oi), partially decomposed 
organic material (horizon Oe), and fully decomposed organic 
material (horizon Oa). The samples were taken in horizons and 
the material at horizon Oa was sieved through a 2-mm-mesh 
screen to exclude some mineral components. An aliquot of sam¬ 
ples was oven-dried (80°C) to determine the initial moisture 
content and the rest was stored in polyethylene bags at 5 °C for 
approximately 2 weeks. The DOC concentration was adjusted to 
an oven-dry basis. 

Forest floor sample (horizon Oi, Oe and Oa respectively) of 10 
g was shaken with deionized water of 100 mL on a side by side 


shaker for 5 h and then filtered through a membrane filter with 
0.45-pm pores. The extracts were measured for DOC concentra¬ 
tion using a High Temperature TOC (Elementar Analysensys- 
teme GmbH, Germany) within 24 h. Analyses were carried out in 
triplicate. 

Statistical analyses 

Difference in DOC concentrations in three horizons (horizon 
Oi, Oe, and Oa) between forests was analyzed with the t test. 
Significance levels were set at P<0.05 for all tests. 

Results 

DOC concentrations in forest floor 

During the time period sampled, difference in average DOC 
concentrations in three horizons between forests was not signifi¬ 
cant and mean annual DOC concentration of the forest floors 
(horizon Oi, Oe and Oa) was 1178.9 and 1341.7 mg-kg" 1 in the 
C. kawakamii and Chinese fir plantations, respectively. In gen¬ 
eral, DOC concentrations in the forest floor of the Chinese fir 
were higher than those of the C. kawakamii except for DOC 
concentration in horizon Oa (Table 2). Among three horizons, 
horizon Oe had the highest DOC concentration followed by the 
horizon Oi and Oa for both forests (Table 2). 


Table 2. Annual average concentration of DOC in different hori- 
zons of forest floor ( mean±SE )_(mg-kg 1 ) 


Horizon 

C. kawakamii 

Chinese fir 

Oi 

1053.9±160.2a 

1202.1+156.1a 

Oe 

1987.5±386.2a 

2349.7±335.8a 

Oa 

495.2±90.8a 

473.2±85.3a 

Average 

1178.9±219.4a 

1341.7±220.6a 


Note: Different letters on the same row indicate significant differences be¬ 
tween forests at P<0.05. 


Seasonal pattern 

There was significant seasonal variation in DOC concentra¬ 
tions of forest floors for both forests except for horizon Oa where 
relatively constant DOC concentrations were found during the 
year (Fig. 2). Seasonal variations of DOC concentrations were 
similar in horizon Oe and Oa of the Chinese fir with a sequence 
of winter > autumn > summer > spring. While in horizon Oi, 
DOC concentration decreased in the order of autumn > winter > 
summer > spring (Fig. 2). For the Chinese fir, a peak of DOC 
concentration in horizon Oe and Oa occurred in autumn, and in 
horizon Oi, the highest DOC concentrations appeared in winter 
(Fig. 2). During four seasons, DOC concentrations in horizon Oe 
of the C. kawakamii and Chinese fir plantations were consis¬ 
tently higher than those in horizon Oi and Oa (Fig. 2). 

Discussion 

DOC concentrations in the forest floor 

In this study, annual average DOC concentrations in the forest 
floor of both forests were in the range of 839-3514 mg-kg' 1 for 
various forests in the world (Huang et al. 1996), while the mean 
DOC concentrations in forest floor of the C. kawakamii and 
Chinese fir plantations (Table 2) were lower than those of tem¬ 
perate forests (1603-1820 mg-kg' 1 ), (Michalzik et al. 2001). As 
the average temperature in the study area was 25 °C, degradation 
of organic matter might be faster and more complete than that in 
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temperate regions, thus resulting in a relatively low concentra- tion of DOC. 



Fig. 2 Seasonal variation in DOC concentrations in forest floors of the C. kawakamii and Chinese fir. Bars refer to one standard error 


The DOC concentrations in the forest floor under the Chinese 
fir plantation were higher in comparison with those under the C. 
kawakamii plantation due to the following factors: higher stand 
density in the Chinese fir, organic matter quality characteristics 
or relative low rates of mineralization providing a greater organic 
matter mass of the forest floors for DOC supply. This is similar 
to other studies (Cronan et al. 1985; Currie et al. 1996; Currie et 
at. 1997). For example, Currie et al. (1996) found higher DOC 
concentrations in forest floor under coniferous trees as compared 
to broadleaved one. Cronan (1990) pointed out that DOC con¬ 
centration from coniferous forests was 50% higher than that from 
hardwood stands. Further, DOC concentration in the forest floor 
was highly variable among different horizons. DOC concentra¬ 
tion in the Oe layer was higher than that in the Oi layer, which is 
similar to the results reported by Zsolnay (1996) and McDowell 
& Likens (1988). They proposed that partly decomposed organic 
matter in the forest floor is the major source of DOC rather than 
fresh litter. While in horizon Oa of both forests, DOC concentra¬ 
tions were the lowest, which suggested that there was likely a 
large adsorption or decomposition of DOC in horizon Oa. 

Seasonal variations in DOC concentrations in the forest floor 

Dissolved organic carbon (DOC) in forest floor leachate varies 
seasonally (Currie et al. 1996; Michalzik et al. 1999; Kaiser et al. 
2001). Michalzik & Matzner (1999) reported different seasonal 
variations for DOC concentrations in forest floors under conif¬ 
erous forests. We found that concentrations of DOC decreased in 
the forest floor in summer (or spring), compared with those in 
winter (or autumn). This decrease was attributed to mineraliza¬ 
tion increasing or leaching loss in warmer summer (or spring). 
DOC itself can serve as a substrate for microorganisms. In au¬ 
tumn or winter, the mineralization of DOM was less due to low 
soil temperature, thus more DOC was accumulated. Further, the 
leaching of DOC increased as the precipitation and water fluxes 
increased in several field and laboratory studies (McDowell et al. 
1988; Christ et al. 1996). In South China, the large amount of 
precipitation was concentrated in spring or summer during the 
course of the year (Fig. 1), thus intensive leaching of potentially 
soluble material from the organic forest floor layer may easily 
occurred. In laboratory studies, it was also shown that intensive 
and repeated leaching of forest floor material reduced the con¬ 
centrations dissolved organic C (Christ et al. 1996). 

, The seasonality of DOC concentration in forest floor leachates 
in our study is different to the findings by Scott et al. (1998), 


McDowell et al. (1998) and Tipping et al. (1999). They found 
that DOC concentration in the forest floor in summer was higher 
than that in winter. These results show that seasonal pattern of 
DOC concentration can be highly variable. A few studies have 
been done further and found that seasonal changes in the con¬ 
centration of DOC in forest floor leachates were directly related 
to litterfall inputs (Lundstrom 1993; Casals et al. 1995; Currie et 
al. 1996). However, the seasonality of DOC concentration in 
forest floor leachates in this study was found to be independent 
of the litterfall dynamics (Yang et al. 2004), in contradiction to 
other field studies reporting a positive response (Lundstrom 1993; 
Casals et al. 1995; Currie et al. 1996). Our concentration dy¬ 
namics may be caused by other factors, such as drying and re¬ 
wetting, temperature and site specific properties (e.g. nutrient 
status, litter quality and microbiology). (Michalzik et al. 2001). 
Also, these environmental and biotic factors may interact at the 
same time (Kaiser et al. 2001; Kawahigashi et al. 2003). 

Conclusions 

Annual average concentration of DOC in forest floor leachates 
of the Chinese fir plantation was higher than in that of the C. 
kawakamii plantation. Also, DOC in the forest floor of both for¬ 
ests showed a similar vertical pattern. Horizon Oe had the high¬ 
est DOC concentration among different horizons. In addition to a 
vertical pattern, DOC concentration varied temporally. High 
mineralization rates or leaching loss in summer (or spring) would 
decrease the DOC concentration in the forest floor, while relative 
accumulation of litterfall in the winter (or autumn) due to low 
temperature and moisture would increase DOC. Overall, DOC 
concentration and its seasonal changes in the forest floor may be 
different among forest types. Thus more long-term studies are 
necessary. 
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